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The  possible  application  of  hyperbolic  Loran-C  as  a 
positioning  system  for  hydrographic  surveys  was  investigated. 
It  was  found  that  the  present  capabilities  of  the  s2/-stem  did 
not  meet  the  40  meter  (drms)  accuracy  required  for  offshore 
surveys.  The  ’use  of  differential  Loran-C  techniques  and 
geodetic  calibration  procedures  was  examined.  A  field  test 
was  conducted  in  Monterey  Bay,  California,  using  a  microwave 
positioning  system  to  test  the  accuracy  of  the  best  Coast 
Loran-C  chain,  specif ically  the  9940-';  and  Y  rates.  Overland 
propagation  corrections  for  the  test  area  are  presented.  It 
was  found  that  scrupulous  application  of  the  differential 
technique  and  rigorous  calibration  procedures  improved  the 
absolute  position  accuracy  of  a  mobile  Loran-C  receiver  to 
something  less  than  100  meters  (drms). 
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I.  ADVANTAGES  0?  TH5  LORAN-C  SYSTEM 

Present  hydrographic  survey  procedures  rely  heavily 
upon  electronic  positioning  systems,  typically  medium- 
frequency  systems  which  require  substantial  shoreside  instal¬ 
lations  for  the  antennas  and  ground  planes.  There  are 
attendant  problems  with  logistics,  land  use  permits  and 
vandalism.  In  addition,  situations  arise  where  the  geometric 
configuration  of  the  medium-frequency  system  being  used  for 
a  particular  survey  leaves  some  portion  of  the  area  less 
than  adequately  covered.  A  positioning  system  based  on 
Loran-C,  or  some  combination  of  Loran-C  and  medium- frequency 
systems,  could  alleviate  these  problems.  V/ith  its  trans¬ 
mitters  already  in  place  and  continuously  operating,  a 
Loran-C  system  would  require  none  of  the  shoreside  installa¬ 
tions  associated  with  medium-frequency  stations.  As  discussed 
later,  the  differential  Loran-C  technique  does  require  estab¬ 
lishing  shoreside  receivers,  but  the  installation  would  be 
much  smaller  and  simpler  than  that  of  a  medium-frequency 
transmitter.  Used  in  a  combined  system,  Loran-C  could 
supplement  the  medium-frequency  system  by  providing  addi¬ 
tional  coverage.  For  example,  the  medium-frequency  stations 
could  be  positioned  to  provide  the  best  coverage  in  the  near¬ 
shore  areas  of  the  survey  while  leaving  the  offshore  areas 
to  be  covered  by  Loran-C.  Additional  scenarios  can  be 


imagined  where  the  application  of  Loran-C  would  be  advsrta- 


Loran-C  has  not  had  widespread  use  as  a  hydrographic 
positioning  system  because  of  its  comparatively  poorer 
accuracy.  The  stem  was  designed  to  provide  a  repeatable 
position  accuracy  of  0.25  nautical  miles  (463  meters)  while 
most  hydrographic  applications  require  almost  an  order  of 
magnitude  better  accuracy  in  absolute  position.  Because 
of  improvements  in  equipment  and  data  processing  procedures, 
the  potential  accuracy  of  the  s^rstem  has  been  improving. 
Recent  investigators  have  quoted  positional  accuracies  in 
tens  rather  than  hundreds  of  meters  for  some  applications. 
This  work  was  largely  stimulated  by  one  such  study  [Goddard, 
1973  in  which,  a  position  repeatability  of  6  meters  was 
obtained  (one  drms).  It  was  decided  to  review  the  present 
and  future  potential  of  Loran-C  in  order  to  estimate  its 
usefulness  as  a  positioning  system  for  hydrographic  surveys. 

As  discussed  in  this  report,  it  appears  that  absolute 
positional  accuracies  in  the  range  of  40  to  100  meters 
(drms)  are  presently  achievable  in  a  Loran-C  system  if 
sufficient  geodetic  calibrations  are  obtained  and  differentia 
correction  techniques  employed.  Given  these  accuracies  and 
caveats,  such  a  system  would  be  of  little  value  in  routine 
hydrographic  survey  operations  in  the  coastal  waters  of 
the  United  States.  It  should  be  noted,  however,  that  the 
system  accurac:^  is  highly  sensitive  to  any  improvements  in 
receiver  performance  and  the  model  used  to  account  for  the 
effects  of  overland  propagation.  Both  of  these  aspects 
of  the  Loran-C  system  are  being  studied  extensively  and  it 


is  likely  that  significant  improvements  will  be  forthcoming. 
The  increase  in  research  and  development  work  has  been  stimu¬ 
lated  by  the  Department  of  Transportation  decision  in  1974 
to  implement  Loran-C  as  the  radionavigation  system  for  the 
Coastal  Conference  Zone  of  the  United  States.  Uith  this 
long-term  commitment  to  the  availability  of  Loran-C,  new 
techniques  and  improved  equipment  designs  are  being  pursued 
by  both  government  and  industry.  The  result  will  surely  be 
an.  improved  Loran-C  system  with  wider  applicability  for  use 
as  a  positioning  system  in  hydro graphic  survey  operations. 
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II.  TIME  DIFFERENCE  EQUATION 

The  following  discussion  assumes  considerable  familiarity 
with  the  basic  Loran-C  system.  General  descriptions  are  widely 
available  in  government  publications  and  texts  on  navigation. 

A  comprehensive  review  may  be  found  in  the  American  Practi¬ 
cal  "avi gator  (DMA,  1970  . 

In  its  traditional  application,  Loran-C  is  a  time  dif¬ 
ference,  hyperbolic  positioning  system.  Each  observed  time 
difference,  or  rate,  provides  one  hyperbolic  line-of-position. 

3 y  observing  the  transmissions  from  three  stations,  two 
hyperbolic  rates  are  measured  and  a  position  can  be  deter¬ 
mined  by  either  graphical  or  analytical  techniques.  The 
graphical  solution  technique  is  commonly  used  in  conjunction 
with  nautical  charts  where  the  rates  are  pre-plotted  and  the 
user  merely  locates  the  intersection  of  his  observed  rates. 

The  analytical  solution  offers  better  precision  and  more 
flexibility  than  the  graphical  technique.  The  following 
discussion  develops  the  basic  time  difference  equations 
which  are  used  to  compute  a  geographic  position  from 
observed  Loran  rates. 

The  time  difference  observed  at  a  receiver  is  the 
difference  in  arrival  times  for  signals  from  the  master 
and  one  secondary  transmitter  in  the  chain.  Tecause  all 
transmitters  share  the  same  frequencies,  their  simals 
must  be  separated  in  time  to  prevent  interference.  Each 
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station  repetitively  transmits  a  burst  of  pulses  followed 
by  a  relatively  longer  silent  period.  The  chain  is  syn¬ 
chronized  so  that  the  master  transmits  first  followed  by 
each  of  the  secondaries  in  turn.  The  transmission  of  each- 
secondary  is  delayed  by  a  specified  amount  (the  emission 
delajO  so  that  nowhere  in  the  coverage  area  will  signals 
from  one  station  overlap  another. 

deferring  to  Figure  1  with  a  receiver  located  at  point  R, 
the  observed  time  difference  using  the  master  H  and  secon¬ 
dary  is, 

?m  =  er.  +  t,.r  -  t„  (i) 

ii  .«  i'i 

where  ED...  is  the  emmission  delay  specified  for  secondary 
and  t..,  and  t-T  are  the  travel  times  from  the  secondary  to  R 
and  the  master  to  R  respectively. 

In  order  to  express  the  time  difference  as  a  function 
of  geographic  position,  the  travel  time  t  is  separated  into 
additive  terms, 

t  =  D  +  ?  (2) 

where  c  =  free  space  propagation  velocity,  n  =  index  of 
refraction  for  a  standard  atmosphere,  D  =  geodesic  distance 
from  the  transmitter  to  receiver,  and  P  is  the  so  called 
Phase  Factor  which  corrects  for  the  retarding  effects  of 
the  earth's  surface  along  the  path.  Substituting  this  form 
into  the  time  difference  equation  gives  a  pair  of  equations, 

5W  -  ♦  -§•  (a-  -  V  + 

TDY  =  ED,r  +  ~  (IL,  -  ZX.)  +  Fv  -  F-. 

i  O  1  i'i  _  .■* 
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Figure  1.  Components  of  Time  Difference  Measurement 

Doran  transmitters  located  at  '■!,  7  and  Y  and  Deceiver 
at  R.  Refer  to  text  for  explanation. 


which  relate  the  Loran  time  differences  CD7  and  TDY  to  the 
distances  from  each  of  the  three  transmitters.  Several 
computational  techniques  have  been  used  in  order  to  solve 
these  equations  for  the  geographic  position  of  the  receiver 
(for  example,  Campbell,  1965]  .  Kost  are  iterative  in  that 
time  differences  are  computed  using  an  estimated  position 
of  the  receiver  and  then  compared  to  the  observed  values. 
V;ith  this  information,  a  new  position  is  chosen  and  time 
differences  recomputed.  The  process  repeats  until  the 
computed  and  observed  TDs  agree  to  within  some  specified 
tolerance.  Systematic  errors  result  from  inaccurate  pre¬ 
diction  of  the  Phase  Factors  as  discussed  later. 


III.  DIFFERENTIAL  LORAIT-C 


The  differential  Loran-C  technique  is  a  method  of  improving 
the  temporal  stabilit3r  and  repeatability  of  the  system. 
Fixed-monitor  receivers  are  located  in  the  geographic  area 
of  interest  and  average  time  differences  determined.  Changing 
propagation  conditions  and  transmitter  instabilities  are 
detected  as  deviations  from  these  average  time  difference 
values.  These  deviations  are  then  used  as  differential 
corrections  for  other  receivers  in  the  nearby  area. 

It  has  been  also  suggested  that  this  technique  can  be 
used  to  determine  geographic  corrections  for  an  area.  In 
concept,  if  the  geographic  position  of  the  monitor  receiver 
were  known,  then  the  differences  between  the  computed  and 
observed  rates  at  the  monitor  would  constitute  corrections 
applicable  to  other  nearby  receivers.  Applying  these  correc¬ 
tions  should  allow  an  accurate  computation  of  the  geo traphi j 
position  of  the  receiver.  In  the  context  of  the  subsequent 
discussion  in  this  paper,  this  is  equivalent  to  determining 
the  systematic  errors  or  overland  propagation  corrections 
of  the  Loran  net  at  a  single  point  in  the  area  of  interest. 
Because  the  overland  corrections  change  significantly  in 
passing  across  the  land-sea  interface,  a  shore-based  monitor 
would  be  of  little  value  in  determining  the  systematic 
errors  offshore  where  the  survey  vessel  is  operating.  The 
implication  for  a  hydrographic  positioning  system  is  that 


the  geographic  position  of  the  shore-based  monitor  need  not 
be  determined  nor  be  a  criteria  in  the  selection  of  monitor 
sites. 

The  differential  technique  is  necessary,  however,  in 
order  to  eliminate  significant  temporal  fluctuations  in  the 
Loran  rates.  Several  tests  have  shown  that  these  temporal 
instabilities  are  well  correlated  over  distances  on  the 
order  of  100  kilometers  even  across  the  land-sea  interface. 
One  such  test  [Goddard,  197 f}  used  a  stationary  receiver 
which  was  shifted  among  five  different  sites  along  the 
shore  of  Delaware  3ay  and  one  site  at  an  offshore  lighthouse 
over  a  six  week  period.  Two  fixed  monitors  were  used  in 
order  to  test  the  differential  technique  over  a  variety  of 
separation  distances  from  about  30  to  130  kilometers,  '..hen 
differential  corrections  were  made  at  100-second  intervals 
using  100-second  average  values  at  the  monitor  and  receiver, 
the  temporal  instability  of  the  receiver  was  significantly 
reduced.  Expressing  the  instability  as  the  standard  devia¬ 
tion  of  the  observed  values,  the  improvement  was  from  a 
maximum  of  0.07  microseconds  uncorrected  down  to  something 
less  than  0.02  microseconds  after  correction.  A  similar 
improvement  was  observed  on  each  of  the  separation  distances 
tested. 

This  correlation  is  essential  if  a  shore-based  monitor 
is  to  provide  useful  corrections  for  a  survey  vessel  operatin 
offshore.  Veronda  [1977,  p.  33  has  suggested  that  this 
correlation  distance  may  be  as  great  as  240  kilometers  if 
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the  monitor  is  located  along  the  signal  path  to  the  working 
area.  Thus  in  choosing  the  monitor  site  or  sites,  due  con¬ 
sideration  must  be  given  to  differences  in  the  paths  from 
transmitter-to-monitor  and  transmitter-to-survey  area. 

?or  example,  situations  where  the  path  to  the  monitor  is 
entirely  over  land  while  the  one  to  the  survey  area  is 
largel3r  seawater  should  be  avoided.  Ey  locating  the  moni¬ 
tors  on  peninsulas,  headlands,  or  offshore  islands,  this 
situation  should  rarely  develop. 

It  is  interesting  to  note  that  the  System  Area.  Monitor 
(SAM)  stations  associated  with  each  loran  chain  apply 
differential-type  corrections  to  the  Loran  rates  in  real¬ 
time.  These  SAM  stations  continuously  monitor  the  signals 
from  all  transmitters  in  the  chain.  If  the  observed  time 
difference  deviates  bjr  more  than  0.05  microseconds  from  its 
expected  value,  then  the  appropriate  secondary  is  instructed 
to  adjust  its  emission  delay  time  in  order  to  remove  the 
error  ['.'GA,  197 gl  .  These  real-time  corrections  are  intended 
to  control  timing  errors  between  stations,  but  they  also 
pick  up  any  changes  in  the  propagation  conditions  which 
may  occur  on  paths  from  the  transmitter  to  the  SAM  site. 

In  comments  on  the  remarkable  stability  of  the  loran  rates 
in  San  Francisco  Harbor,  Illgen  0L973}  noted  that  the  opera¬ 
tion  of  the  SAM  at  Point  Pinos,  which  is  some  130  kilometers 
to  the  south,  produced  a  situation  closely  resembling  differen¬ 
tial  Loran-C. 
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IV.  ACCURACY  CONSIDERATIONS 


The  sources  of  error  in  a  Loren  position  can  be  dis¬ 
cussed  in  terms  of  those  effecting  the  repeatability  of 
the  system  vis-a-vis  those  producing  systematic  or  time 
invariant  position  errors.  This  separation  corresponds 
to  the  way  in  which  the  corrections  are  applied.  The 
temporal  variations  monitored  by  the  differential  technique 
are  used  to  correct  the  observed  rates;  i.e.,  improve  the 
repeatability  of  the  observations.  The  systematic  errors 
are  determined  by  calibration  and  applied  to  correct  the 
computed  position. 

The  factors  effecting  repeatability  are  receiver  errors, 
transmitter  timing  errors,  and  temporal  changes  in  propaga¬ 
tion  conditions  which  result  from  weather  related  phenomena. 
Systematic  errors,  as  defined  here,  result  from  geographic 
differences  in  propagation  conditions,  such  as  the  conductiv 
and  length  of  the  overland  portion  of  the  signal  path. 

a.  oeceetric  dilution  o?  precision  (c-dop) 

The  hgyperbolic  geometry  implicit  in  the  time  difference 
equations  affects  the  precision  of  the  computed  geographic 
position.  The  effect  is  expressed  as  a  gradient  in  meters 
per  microsecond  which  is  termed  the  Oeor.etric  Dilution  of 
Precision.  Its  functional  form  is  derived  in  any  of  several 


references  ^Atlantic  Research  Corn.,  1962,  p.  15Q} .  The 
GDOP  factor  expresses  the  combined  effect  of  lane  expansion 
and  decreasing  intersection  angles  between  the  hyperbolic 
arcs  as  the  distance  from  the  baselines  of  the  Loran  chain 
is  increased.  For  the  purpose  of  this  discussion  it  suffices 
to  note  that  over  the  coastal  waters  of  the  United  States, 
the  GDOP  varies  from  about  200  to  2000  meters/microsecond. 

The  implication  is  that  an  accuracy  of  0.1  microsecond  in 
each  rate  gives  a  position  accuracy  between  20  and  200  meters. 
Thus  the  geometry  of  the  Loran  chain  is  significant  in  deter¬ 
mining  whether  or  not  the  system  can  provide  survey  quality 
position  data.  The  Defense  happing  Agency  has  prepared 
charts  for  each  Loran-C  chain  which  depict  the  effective 
coverage  area  depending  upon  the  variation  in  GDOP  as  well 
as  maximum  signal  range  and  expected  signal-to-noise  condi¬ 
tions.  These  are  published  as  Loran-C  Reliability  Diagrams 
in  the  3LG?d:5000  chart  series. 

T.  R3C2ITDR  DRRORS 

Receiver  errors  are  a  function  of  the  signal  strength, 
signal-to-noise  ratio,  amount  of  skywave  and  cross-chair, 
interference,  velocity  and/or  acceleration  of  the  receiver, 
and  receiver  design.  Interference  problems  are  minimal 
because  of  phase  coding  applied  to  the  transmitted  pulses 
and  timing  relationships  between  adjacent  chains  Q.'GA  Pub. 

To.  1,  19763.  The  speed  of  typical  hydrographic  survey 
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vessels  is  less  than  20  knots  and  its  effect  can  be  eliminated 


by  appropriate  sampling  and  filtering  techniques. 

Under  favorable  signal-to-noise  conditions,  several 
commercial  receivers  have  exhibited  time  difference  errors 


with  a  standard  deviation  of  less  than  0.1  microsecond  P.C-A , 


This  is  obtained  with  averaging  times  on  the  order 


of  a  few  seconds,  corresponding  to  an  average  of  10  to  100 


measurements  depending  on  the  repetition  rate  of  the  chain. 


because  of  Loran  geometry,  significantly  better  performance 
is  needed  in  order  to  obtain  typical  survey  accuracies  over 
much  of  the  U.  3.  coastal  waters.  A  performance  goal  of 
0.05  microsecond  is  not  unreasonable.  Improved  receivers 
can  be  expected  in  the  next  few  years,  longer  effective 
averaging  times  can  be  achieved  by  designing  processing 
schemes  which  incorporate  ship  course  and  speed  data. 

Improved  performance  in  stationary  receivers  has  already 
been  demonstrated;  for  example,  C-oddard  0.9?f)  used  IOC-second 
averages  and  achieved  standard  errors  on  the  order  of  0.01 
microsecond. 


Signal-to-noise  conditions  also  effect  performance. 
7avorable  conditions  are  -10d3  or  better.  In  designing 
the  loran  transmitters,  power  outputs  are  chosen  to  provide 
suitable  signal  strengths  in  the  coverage  area.  At  about 
-4.3d3,  most  receivers  begin  to  exhibit  increasing  errors 
until  some  minimum  value  is  reached  and  the  receiver  ceases 


to  track  the  signals.  7or  more  information  on  receiver 
performance  under  varying  conditions,  Veronda  [l97uj  has  a 


r^V-r  im 


comprehensive  list  of  available  literature.  The  implication 
for  hydrographic  work  is  that  signal  strength  and  signal-to- 
noise  information  must  be  collected  in  order  to  insure  data 
quality.  Several  commercial  receivers  already  provide  these 
outputs. 

C.  TRAIT  SIZE  TTER  TIITIITG  ERRORS 

Instability  in  chain  timing  and  synchronization  is  the 
least  significant  source  of  error.  Cesium  frequency  standards 
at  each  station  provide  a  highly  accurate  timing  reference. 

As  noted  in  the  discussion  of  differential  Loran,  the  System 
.Area  Monitors  control  chain  timing  to  within  0.05  micro¬ 
second.  Rield  me  astir  ements  have  shown  that  the  actual  error 
is  considerably  less  than  this  control  tolerance.  Rata 
collected  from  the  West  Coast  Loran  chain  gave  a  standaxd 
deviation  of  0.02  microseconds  due  to  transmitter  fluctua¬ 
tions  [ill gen,  197S} ,  In  any  case,  the  differential  Loran 
technique  readil;’’  corrects  for  any  significant  transmitter 
errors. 
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7.  LOiUI-T-g  C-aOUITZ)  V/AV3  PROP  AGASI  Oil 


Loran-C  is  a  low  frequency  radionavigation  system  which, 
operates  in  the  spectral  hand  of  90  to  110  kHz  with  a  100  kHz 
carrier  frequency.  Propagation  in  this  hand  has  been  studied 
extensively  over  the  past  thirty  years  in  conjunction  with 
a  variety  of  navigation  and  communication  systems,  "his 
discussion  considers  only  propagation  effects  on  the  phase 
or  travel  time  of  the  100  kHz  ground  wave  as  seen  by  a  sea- 
level  receiver  located  in  the  far  field  of  the  transmitter. 
Considerations  of  signal  strength,  slrnvave  propagation, 
receiver  altitude,  and  inductive  field  effects  near  the 
transmitter  are  relatively  ’unimportant  for  this  application 
of  Loran-C  positioning.  Ann*  of  the  general  references  on 
Loran-C  contain  additional  information  on  propagation- 
including  those  aspects  not  specifically  covered  here. 

Propagating  as  a  ground  wave,  the  Loran-C  signal  is 
sensitive  to  the  geophysical  properties  of  the  earth/atmos¬ 
phere  medium  through  which  it  is  traveling.  Table  I  sum¬ 
marizes  the  important  properties  and  describes  their  effect 
on  the  travel  time  of  the  signal  relative  to  an  assumed 
seawater  path  which  is  typically  used  in  Loran  computations. 
Those  properties  related  to  the  earth’s  surface  result  in- 
errors  of  up  to  two  or  three  microseconds  relative  to  the 
computed  values  ^Census,  1976,  and  Laton,  197pJ .  Atmospheric 
effects  result  in  time  dependent  variations  of  up  to  0.6 
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TABLE  I  -  Geophysical  Properties  Effecting  Ground  Y/ave  Travel  Time 
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microsecond  per  day  with  shorter  period  fluctuations  of 
0.1  microsecond  per  hour  [Doherty  and  Johler,  1976^  Annual 
variations  due  to  seasonal  changes  in  both  the  atmosphere 
and  underlying  surface  can  be  as  large  as  0.7  microsecond 
(Veronda,  1977,  using  information  from  several  sources). 

By  careful  use  of  the  differential  Loran  technique,  these 
temporal  variations  can  be  reduced  to  something  less  than 
0.C2  microsecond. 

i  *pg_:  \  \  rt'pQ  Z)  q 

Using  the  classical  Van  der  Pol-Prenaner  .ground  wave 
theory,  it  is  possible  to  develop  a  computer  program  to 
calculate  the  actual  travel  time  of  a  signal  over  complex 
land-sea  paths  with  widely  varvir.g  geophysical  properties 
Q'ohler,  1969).  The  method  seems  to  be  too  cumbersome 
for  routine  use  in  the  hydrographic  survey  application. 
Instead,  it  is  realistic  to  approximate  the  travel  time  t 
as, 

t  =  -3-D+l/'  +  €  (3) 

where  the  terms  are  the  same  as  given  in  equation  (2)  except 
that  the  phase  factor  ?  has  been  split  into  two  terms.  In 

■y\ 

this  form,  the  term  — D  is  c axled  the  Primer"  7r ?vei  ~ime 

?  c 

with  n=l. 000333  for  the  standard  atmosphere  and  c=2?9.'"’9d2 
meters/microsecond.  The  secondary  Phase  Pactor  \1/  describes 
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the  delay  of  a  signal  propagating  over  a  smooth,  seawater 
path  relative  to  the  primary  travel  tine,  rational  Bureau 
of  Standards  Circular  573  [johler,  1956]  describes  the  com¬ 
putation  of  \p  for  varying  distances.  The  Additional 
Secondary  Factor  £  represents  the  additional  delay  accumu¬ 
lated  on  non-seawater  portions  of  the  path;  i.e.,  it  describes 
the  lag  of  the  actual  signal  relative  to  an  equivalent  dis¬ 
tance  over  seawater.  The  General  tine  difference  ecuation 


becomes, 

TD  +  (€:-  -  €3 )  =  DD  +  -2.  (Ds  -  D.,)  +  \p3  -  ypy  (4) 
The  advantage  of  this  form  is  that  the  so  called  overland 
correction,  £---£-,  is  reduced  to  a  relatively  snail  term 
in  the  TD  equation.  Typical  values  are  on  the  order  of 
several  microseconds  or  less  while  the  total  tine  difference 
is  on  the  order  of  10^  microseconds.  Figure  2  shows  the 
theoretical  form  of  the  Additional  Secondary  Factor  for  three 
hypothetical  paths  with  differing  lengths  of  land  path 
1963J.  The  land  path  lengths  shown  were  chosen  because  they 
approximate  the  situation  in  Monterey  Bay,  California,  where 
the  field  experiment  described  later  in  this  report  was  con¬ 
ducted.  The  abrupt  drop  in  the  €  values  upon  crossing  the 
coastline  is  the  phase  recover"-  effect  which  occurs  at  any 
conductivity  discontinuity  in  the  underlying  surface. 


ADDITIONAL  SECONDARY  FAC 


igure  2.  Variations  of  Additional  Secondary  Vector  with 
Distance  on  Typical  Land-Sea  Paths 

The  curves  assume  a  uniform  conductivity  of 
0.01  mho/m  and  a  pemitivity  of  15.  The  sea 
path  values  are  A  mho/m  and  30,  respectively. 
The  phase  recover:'-  effect  at  the  coastline  is 
symbolized  bv  the  dashed  portions  of  the  curves 
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B.  OYERLAiTI)  PROPAGATION  CORRECTION 

In  order  -to  use  the  tine  difference  equations  to  compute 
a  position,  it  only  remains  to  empirically  measure  the  over¬ 
land  corrections  for  each  rate.  Terms  on  the  right-hand-side 
of  equation  (4)  are  either  constants  or  computed  quantities 
depending  on  path  distance.  3y  subtracting  observed  and 
computed  TDs  at  a  known  position,  the  overland  corrections 
can  be  empirically  determined  for  that  position.  The  problem 
in  calibration  is  to  extrapolate  these  corrections  to  the 
surrounding  area. 

To  complicate  the  problem,  the  spatial  pattern  of  the 
overland  correction  is  one  of  hills  and  valleys  representing 
the  subtraction  of  two  independently  varying  £  fields. 

Several  calibration  procedures  have  been  developed  which 
use  observed  TP  values,  but  none  have  produced  survey  qua.lir*r 
corrections.  The  most  promising  method  (poherty,  lb^lj  com¬ 
bines  measurements  and  some  physical  constraints  of  ground 
wave  propagation  theory.  Using  n 5  land  based  measurements 
in  an  area  of  100  kilometers  square,  it  achieved  a  R.N.3. 
position  error  of  about  30  meters  which  is  significantly 
worse  than  that  needed  for  hydrography.  Although  the  method 
requires  a  considera.ble  degree  of  computational  finesse, 
such  methods  deserve  further  study  with  offshore  data  sets 
to  truly  test  their  applicability  to  routine  survey  opera¬ 
tions.  It  appears  that  for  the  time  being  at  least,  there 
is  no  method  of  reliably  predictin'  overland  corrections 

i 
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from  relatively  fev;  calibration  measurements.  The  hydro - 
graph er  is  faced  with  the  task  of  mapping  the  corrections 
over  much  of  the  area  and  then  interpreting  the  pattern 
in  order  to  extrapolate  the  corrections  to  the  remainder 
of  the  survey  area.  The  procedure  is  not  unlike  that 
presently  employed  with  medium  frequency  positioning  sys¬ 
tems.  vJhile  the  hydrographic  community  has  considerable 
experience  with  medium  frequency  systems,  there  has  been 
little  work  with  long  baseline  Loran  chains  in  order  to 
document  the  spatial,  variability  of  the  corrections  in 
offshore  areas. 

In  one  study  off  the  west  coast  of  Vancouver  Island, 
flat on  1979) observed  a  variation  of  0.1  microsecond/kilometer 
at  about  25  kilometers  offshore  as  the  ship  passed  into  the 
shadow  of  the  island.  This  probably  represents  a  worst-case 
situation.  As  discussed  later  in  this  report,  measurements 
in  hor.terey  Bay  suggested  variations  of  less  than  0.02 
microsecond/kilometer,  once  free  of  the  phase  recovery 
effects  near  the  coast.  Additional  work  with  fine  grid 
Loran  prediction  models  and  field  measurements  is  needed  in 
order  to  explore  the  spatial  variability  of  the  overland 
corrections  in  offshore  areas. 

Table  II  summarizes  the  preceeding  discussions  on 
sources  of  time  difference  errors  and  the  effectiveness  of 
the  various  techniques  to  correct  for  them.  The  reader  is 
cautioned  that  these  are  estimated  errors  derived  from  many 
different  sources.  There  have  been  few  field  tests  in  off¬ 
shore  areas  with  sufficient  accuracy  to  validate  some  of  these 


errors 
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TABLE  IT  -  Estimated  Loran-C  Time  Difference  Errors 
(not  statistical  results  but  estimates 
1  <r  errors  in  microseconds) 
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(3)  Unusual  weather  patterns  may  Increase  this  to  0.60  If  operating  away  from  SAM 

(4)  Data  suggested  by  Goddard  [1973] 

(5)  Probably  Impracticable  to  calibrate  with  sufficient  density 
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7i.rare  4.  location  of  'vest  Coast  Lorar.-C  Station 
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'.!  and  Y  rates  were  recorded  even  though  the  X  and  Y  pair 
provided  better  precision  in  this  area.  The  7-rate  was 
selected  because  of  the  close  proximity  of  the  System  Area 
Monitor  at  Point  Pinos  which  controls  both  the  X  and  Y 
secondaries  (see  Figure  3).  This  control  removes  virtually 
all  temporal  variation  in  the  X  and  Y  rates  over  Monterey 
3a2'-  making  it  impossible  to  test  the  differential  technique. 

It  was  hoped  that  the  7  rate,  which  is  controlled  by  a 
monitor  on  the  Oregon  coast,  would  show  some  significant 
variations.  Records  of  the  time  differences  of  all  three 
rates  from  the  Point  Pinos  monitor  were  examined.  Tone 
showed  any  variations  over  0.04  microsecond  during  the  tests, 
with  typical  fluctuations  of  less  than  0.01  microsecond. 

This  high  degree  of  temporal  stability/  resulted  in  negligible 
differential  corrections.  In  order  to  test  the  potential  for 
calibrating  the  Loran-C  system  over  a  limited  area,  the  posi¬ 
tions  derived  from  the  microwave  system  measurements  were 
used  to  compute  expected  time  differences  at  each  point. 

The  difference  between  these  computed  values  and  the  observed 
time  differences  constituted  a  set  of  estimates  of  the  over¬ 
land  corrections. 

A.  '  :HTR07A7D  SY5TMM  POSITIONING 

The  microwave  system  was  used  to  fix  the  geographic  posi¬ 
tion  of  the  ship  by  standard  range/range  computational  tech¬ 
niques.  The  two  ranging  stations  were  set  on  known  geographic 
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positions  listed  in  Table  III.  Ship  positions  were  computed 
on  a  Modified  Transverse  Mercator  Grid  which  was  centered 
in  the  survey  area  £/,rallace,  1971}.  way  the  errors 

in  computed  latitude  and  longitude  due  to  grid  distortions 
were  minimized.  Obviously  bad  positions  which  resulted 
from  infrequent  ranging  errors  in  the  microwave  system  were 
rejected.  The  microwave  system  had  been  calibrated  over 
known  baselines  of  4633  and  17621  meters,  'vith  a  ranging 
accuracy  of  t  3  meters  as  claimed  by  the  manufacturer,  the 
ship  positions  have  a  R.M.3.  position  error  of  less  than  10 
meters  over  the  area,  which  was  adequate  to  test  the  accuracy 
of  the  Loran  derived  positions. 


L0RA2T-C  POSITION  COMPUTATIOITS 


Time  differences  for  each  of  the  positions  were  computed 
assuming  seawater  path  propagation  using  a  fortran  routine 
adapted  from  one  supplied  by  the  National  Ocean  Survey 
Qliordan,  197^J .  The  computed  and  observed  time  differences 
were  compared  and  five  positions  we re  rejected  because  of 
obvious  busts  in  the  recorded  loran  values.  This  left  130 
positions  for  the  subsequent  analysis.  The  Loran  system  para¬ 
meters  used  in  the  computations  are  listed  in  Table  III.  In 
order  to  be  consistent  with  the  National  Ocean  Survey  charts 
of  the  area  and  the  microwave  system  positions,  all  computa¬ 
tions  were  done  relative  to  North  American  Latum  1927  geogra¬ 
phic  positions. 
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TABLE  III  -  Geographic  Positions  and  Constants  Used 

in  Position  Computations 


Microwave  System 
Stations 

3 


i  Mulligan  (1932) 

ft 

f‘ 

r 

i'  Mussel  R.M.  2 

(1932) 


Uonterev  Pa’r 
4  CUD  (1972) 


Geographic  Position 

(UAL  1927)  Remarks 


36 

44 

56, 

.717 

N 

Used  on 

both 

121 

47 

52. 

,416 

T.r 

12  June 

and  25  July 

36 

37 

17. 

,540 

?'T 

Used  on 

12  June 

121 

54 

11. 

,357 

T.v 

36 

37 

31. 

,123 

IT 

Used  on 

25  July 

121 

50 

31. 

,723 

Lorar-C  9940  Chain  Data 


Station 


Geographic  Position 
(url  1927) 


Emission  Tela;* 
(microseconds) 


Master 

39 

33 

07.03  M 

— 

Pallor.,  MY 

113 

49 

52.23  U 

Seconder:,'’  ':! 

47 

03 

48.32  M 

11,000.00  + 

2^96.90 

George,  ' ;  A 

119 

44 

3^.73  ■:! 

Secondary  7 

35 

19 

13.32  M 

40,000.00  + 

19£7.  op 

S e ar chli ght ,  MY 

114 

43 

13.95  U 

i 

f 
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C.  ANALYSIS  OF  TH3  LORAZT  DATA 


Receiver  error  and  velocity  effects  v/ere  apparent  in 
the  data.  Ship  notion  and  the  five  second  averaging  time 
of  the  receiver  resulted  in  observed  TDs  which  v/ere  several 
seconds  old  in  comparison  to  the  microwave  system  measure¬ 
ments;  i.e.,  the  lorar  readings  represented  the  position  of 
the  ship  several  seconds  before  the  microwave  system  fix 
was  determined.  In  order  to  partially  compensate  for  this 
effect,  the  observed  TDs  v/ere  advanced  a  distance  equivalent 
to  that  traveled  by  the  ship  in  2.5  seconds.  Depending  upon 
the  course  and  speed  of  the  ship,  the  correction  ranged 
between  -  0.07  microsecond  for  the  7  rate  and  -  0.03  micro¬ 
second  for  Y.  In  future  woric,  a  computer  based  data  logging 
system  could  perform  this  correction  in  real-time  and  obtain 
better  results. 

In  order  to  study  the  spatial  variation  of  the  overland 
correction,  tlie  differences  between  computed  and  observed 
TDs  were  calculated  at  each  point.  Defining  these  differences 
as  DY  and  27  for  the  TDY  and  TD7  rates,  respectively,  it  is 
apparent  that, 

3Y  =  £y  +  receiver  error 

and  similarly  for  37.  Thus  these  3  values  at  each  point  con¬ 
tain  the  information  on  the  overland  correction,  but  it  is 
masked  by  receiver  errors.  For  reference,  a  listing  of 
geographic  position,  the  observed  TDs  and  respective  3  values 
has  been  appended  to  this  report. 


Tests  with,  the  ship  stopped  gave  a  random  receiver 
error  of  0.05  and  0.07  microseconds  (one  standard  deviation) 
on  the  Y  and  V.r  rates,  respectively,  which  was  reasonable 
given  the  manufacturer’s  claim  of  0.1  microsecond.  In 
order  to  reduce  the  effect  of  receiver  error,  the  computed 
0  values  were  spatially  averaged  over  a  circular  area  of 
1300  meter  radius  around  each  position.  Assuming  that 
receiver  errors  were  randoml'r  distributed,  the  increased 
number  of  estimates  tended  to  bring  out  the  spatial  pattern 
of  the  overland  corrections.  The  choice  of  a  1300  meter 
averaging  rad:' us  was  somewhat  arbitrary.  Given  the  500  to 
600  meter  spacing  of  positions,  this  choice  brought  any¬ 
where  from  3  to  10  adjacent  positions  into  the  averaging 
process.  It  obviously  suppresses  variations  with  a  scale 
of  less  than  3  kilometers,  but  monotonic  trends  in  the 
pattern  were  preserved. 

D.  RESULTS 

Figures  5  and  6,  which  depict  the  overland  corrections 
for  the  test  area,  were  derived  from  the  spatially  averaged 
values.  The  contours  indicated  a  rapid  change  in  the  cor¬ 
rectors  in  the  nearshore  area  due  to  phase  recovery  of  the 
signals  after  passing  over  the  coast.  At  12  kilometers 
offshore  the  variation  had  dropped  to  something  less  than 
0.02  micro second/kiloneter.  Using  the  43  data  points  (not 


37 


Figure  5.  Overland  Propagation  Corrections,  9940-':,'  Pate 
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averaged)  which  we re  10  kilometers  or  more  offshore,  the 
following  overland  corrections  were  determined: 

Average  Standard 

Loran  Correction  Deviation 

Rate  (microseconds)  (microseconds) 

Y  -0.50  0.07 

-1.16  0.  OS 

The  computed  standard  deviations  were  t^ical  of  those 
expected  from  a  receiver  with  a  standard  error  on  the 
order  of  0.1  microsecond  or  less.  Applying  these  average 
corrections  uniformly  to  the  offshore  positions  gave  a 
R.I-I.  S.  distance  error  of  66  meters  in  the  derived  Loran 
positions.  If  similar  results  had  beer,  obtained  with  the 
X  and  Y  rates,  which  have  better  geometric  precision  in 
the  test  area,  the  R.M.S.  distance  error  would  have  been 
reduced  to  about  42  meters. 
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vii.  co:'giusio,T3 


The  National  Ocean  Survey  has  required  that  any  electronic 
positioning  S3rstem  exhibit  a  R.K. 3.  distance  error  of  less 
than  0.5  millimeter  at  the  scale  of  the  survey .  The 
smallest  scale  routinely  used  for  coastal  surveys  is  1:30,000 
implying  an  allowable  error  of  40  meters.  On  this  basis, 
it  was  concluded  that  a  positioning  system  based  on  Ioran-0 
in  the  hyperbolic  mode  is  unsuitable  for  routine  hydrographic 
use;  given  the  R.M.S.  distance  error  of  66  meters  obtained 
in  the  field  test.  The  42  meter  accuracy  (drms)  quoted  in 
the  results  assumed  an  atypical  improvement  in  Lorsz:  geometry 
which  invalidated  its  use  as  a  test  of  the  routine  hydrogra¬ 
phic  survey  situation. 

It  should  be  noted,  however,  that  these  errors  were 
largely  due  to  random  receiver  errors  which  were  estimated 
to  be  on  the  order  of  0.07  microsecond.  Any  improvement  in 
receiver  design  or  data  sampling  procedures  which  would 
bring  this  random  error  down  to  something  less  than  0.05 
microsecond  could  make  a  Loran-C  positioning  system  for 
hydrography  feasible. 

The  second  largest  source  of  error  was  found  to  he  the 
unresolved  spatial  variations  in  the  overland  propagation 
correction,  further  work  is  needed  to  determine  whether  or 
not  these  errors  could  be  reduced  to  somethin^  less  than 
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0.05  microsecond  in  offshore  areas  away  from  the  coastline 
induced  perturbations.  The  approach  adopted  in  this  study 
was  to  determine  the  overland  corrections  empiric  all"  from 
measurement s.  Other  approaches  are  possible,  such  as 
Doherty  p-972]  ,  v:hich  combine  measurements  with  physical 
constraints  of  the  ground  wave  propagation  theory.  Tests 
of  such  methods  with  offshore  data  bases  would  be  extremely 
enlightening. 

Temporal  instability  of  the  Loran  rates  was  found  to  be 
an  insignificant  source  of  error.  The  investigations  cited 
in  this  report  have  indicated  that  these  errors  can  be 
red'aced  to  something  less  than  0.02  microsecond  by  proper 
application  of  differentieJ.  Loran  techniques. 

bhile  it  has  been  shown  that  the  present  capabilities 
of  a  Loran- C  positioning  system  fall  short  of  those  needed 
for  hydrographic  surveys,  that  goal  seems  tantalizir.gly 
close. 


APPENCIX:  DATA  LISTING 
CPFSHCRE  OBSERVATIONS 


SHIP  POSITION  OBSERVED  LCRAN  RATES  G  CORRECTIONS 


LATITUOE 

LONGITUCE 

9940-Y 

EY 

9940— W 

EW 

( D— M- 

-S> 

ID-M-SJ 

(JJS) 

ljUS) 

<*J$) 

<MS> 

36 

43 

45,80 

121 

55 

27.16 

42789.34 

-0.49 

16294.04 

-1.08 

36 

44 

3.40 

121 

55 

32.34 

42791.13 

-0.40 

16293.46 

-1.13 

36 

44 

21.18 

121 

55 

37.39 

42793.04 

-0.39 

16292.73 

-1.02 

36 

44 

37.49 

121 

55 

46.95 

42795.13 

-0.60 

16292.03 

-1.08 

36 

44 

53.26 

121 

55 

57.71 

42796.93 

-0.52 

16291.43 

-1.30 

36 

45 

8.73 

121 

56 

8.32 

42798.67 

-0.44 

16290.44 

-1.11 

36 

45 

24.28 

121 

56 

18.65 

42800.59 

-0.52 

16239.82 

-1.29 

36 

45 

39.54 

121 

56 

29.79 

42802.29 

-0.40 

16288.75 

-1.04 

36 

45 

55.10 

121 

56 

4C.C3 

42804.10 

-0.38 

16288.07 

-1.14 

36 

46 

10.75 

121 

56 

5G.50 

42305.90 

-0.34 

16287.34 

-1.23 

36 

46 

26.28 

121 

57 

0.69 

42807.88 

-0.50 

16286.59 

-1.26 

36 

46 

21.46 

121 

54 

59.24 

42804.05 

-0.46 

16291.70 

-1.19 

36 

46 

14.15 

121 

54 

36.76 

42802.73 

-0.49 

16292.74 

-1.12 

36 

41 

8.96 

121 

56 

48.83 

42776.29 

-0.71 

16294.50 

-1.32 

36 

41 

23.35 

121 

57 

4.84 

42778.04 

-0.58 

16293.46 

-1.27 

36 

41 

38.08 

121 

57 

20.52 

42779.86 

-0.51 

16292.27 

-1.07 

36 

41 

52.90 

121 

57 

36.71 

42781.88 

-0.60 

16291.46 

-1.26 

36 

42 

7.05 

121 

57 

52.36 

42783.64 

-0.53 

16290.43 

-1.19 

36 

42 

21.38 

121 

58 

7.54 

42785.47 

-0.52 

16289.45 

-1.17 

36 

42 

36.09 

121 

58 

22.87 

42787.41 

-0.58 

16288.56 

-1.25 

36 

42 

48.66 

121 

58 

37.76 

42789.13 

-0.64 

16287.58 

-1.18 

36 

43 

31.92 

121 

59 

24.96 

42794.46 

-0.41 

16  284.50 

-1.07 

36 

43 

43.27 

121 

59 

43.80 

42796.20 

-0.50 

16233.55 

-1.17 

36 

43 

54.51 

122 

0 

3.C6 

42797.93 

-0.60 

16282.55 

-1.29 

36 

44 

5.37 

122 

0 

22.30 

42799.46 

-0.55 

16281.48 

-1.23 

36 

44 

16.04 

122 

0 

41.30 

42800.88 

-0.40 

162  80.29 

-1.08 

36 

44 

38.22 

122 

1 

19.23 

42804.21 

-0.52 

16278.  14 

-1.05 

36 

44 

49.11 

122 

1 

38.30 

42805.84 

-0.57 

16277.11 

-1.09 

36 

45 

55.33 

121 

59 

26.60 

42808.76 

-0.49 

16281.07 

-1.12 

36 

45 

41.46 

121 

59 

13.09 

42807.10 

-0.58 

16282.05 

-1.20 

36 

45 

27.54 

121 

58 

59.44 

42805.23 

-0.46 

16282.80 

-1.05 

36 

45 

13.73 

121 

58 

45.63 

42803 .53 

-0.50 

16283.95 

-1.29 

36 

44 

59.70 

121 

58 

31.71 

42801.74 

-0.47 

16284.66 

-1.09 

36 

44 

45.76 

121 

58 

18.10 

42799.97 

-0.46 

16295.58 

-1.  12 

36 

44 

32.59 

121 

58 

4.48 

42798.21 

—0 . 36 

16286.60 

-1.25 

36 

44 

18.14 

121 

57 

50.54 

42796.59 

-0.55 

16287.39 

-1.13 

36 

43 

36.46 

121 

57 

8.43 

42791.20 

-0.47 

16290.14 

-1.16 

36 

43 

22.39 

121 

56 

54.20 

42789.45 

-C.51 

16291.01 

-1.12 

36 

43 

8.49 

121 

56 

39.85 

42787.67 

-0.51 

16292.02 

-1.22 

36 

42 

54.36 

121 

56 

25.39 

42785.91 

-0.56 

16293.04 

-1.31 

36 

44 

37.74 

121 

55 

13 .79 

42794.16 

-0.51 

16293.51 

-1.20 

36 

44 

51.46 

12 1 

55 

27.53 

42795.90 

-0.50 

16292.73 

-1.30 

36 

45 

31.58 

121 

56 

8.65 

42801 .01 

-0.48 

16289.91 

-1.12 

36 

45 

44.99 

121 

56 

22.64 

42802.73 

-0.49 

16289.05 

-1.16 

36 

45 

58.40 

121 

56 

36.68 

42804.49 

-0.53 

16288.00 

-1.01 

36 

46 

11.82 

121 

56 

50.11 

42806.18 

-0.52 

16287.17 

-1.06 

36 

46 

25.41 

121 

57 

3.79 

42807.82 

-C.44 

16286.27 

-1.05 

36 

46 

38.92 

121 

57 

17.50 

42809.51 

-0.41 

16285.45 

-1.  12 

4? 


NEARSHORE  OBSERVATIONS 


SHIP  POSITION  OBSERVED  LCRAN  RATES  t  CORRECTIONS 


LATITUDE 

LONGITUDE 

9940— Y 

EY 

9940— W 

EW 

( 0— M- S ) 

(  D-M-S) 

(|iS ) 

(JJS) 

(MS) 

(MS) 

36 

38 

34.78 

121 

54 

2.15 

42756.10 

-0.63 

16304.91 

-1.52 

36 

38 

52.46 

121 

54 

7.23 

42758.11 

-0.75 

16304.10 

-L  .32 

36 

39 

10.47 

121 

54 

12.37 

42759.88 

-0.57 

16303. 51 

-1.32 

36 

39 

28.87 

121 

54 

17.02 

42761.96 

-0.69 

16302.98 

-1.39 

36 

39 

46.74 

121 

54 

21. 48 

42763.70 

-0.52 

16302.37 

-1.35 

36 

40 

5.08 

121 

54 

25.56 

42765.64 

-0.51 

16301.51 

-1.08 

36 

40 

23.19 

121 

54 

30.41 

42767.71 

-0.65 

16301.24 

-1.39 

36 

40 

41  .54 

121 

54 

34.48 

42769.55 

-0.55 

16300.54 

-1.27 

36 

45 

29.74 

121 

51 

59.01 

42793.77 

-0.38 

16300.57 

-1.39 

36 

45 

24.35 

1 21 

51 

36.26 

42  792.73 

-0.52 

16301.54 

-1.30 

36 

45 

19.05 

121 

51 

13. £6 

42791  .46 

-0.42 

16302.66 

-1.37 

36 

45 

14.06 

121 

50 

50.71 

42790.39 

-0.49 

16303.66 

-1.31 

36 

45 

9.12 

121 

50 

27.79 

42789.23 

-0.48 

16304.76 

-1.35 

36 

45 

4.52 

121 

50 

4.65 

42788.16 

-0.54 

16305.84 

-1.38 

36 

45 

0.04 

121 

49 

42.47 

42787.08 

-0.54 

16306.97 

-1.50 

36 

44 

55.44 

121 

49 

19.35 

42785.77 

-0.36 

16307.83 

-1.31 

36 

44 

53.84 

121 

49 

8.80 

42785.39 

-0.44 

16308.46 

-1.47 

36 

44 

43.06 

121 

49 

23.53 

42784.82 

-0.53 

16308.02 

-1.41 

36 

44 

38.94 

121 

49 

45.54 

42784.91 

-0.41 

16307.30 

-1.51 

36 

44 

34.85 

121 

50 

8.11 

42785.10 

-0.38 

16306.41 

-1.44 

36 

44 

30.64 

121 

50 

29. £7 

42785.4 2 

-0.50 

16305.64 

-1.47 

36 

44 

26.51 

121 

50 

51. 08 

42785.66 

-0.55 

16305.03 

-1.63 

36 

44 

22.17 

121 

51 

12.64 

42785.68 

-0.39 

16304.08 

-1.48 

36 

44 

17.64 

121 

51 

34.76 

42785.97 

-0.51 

16302.97 

-1.17 

36 

44 

13.10 

121 

51 

56.79 

42786.20 

-0.57 

16302.34 

-1.34 

36 

44 

8.63 

121 

52 

18.35 

42786.31 

-0.51 

16301.65 

-1.44 

36 

44 

4.10 

121 

52 

39.53 

42786.31 

-0.36 

16300.80 

-1.38 

36 

43 

59.52 

121 

53 

1.24 

42786.67 

-0.56 

16300.15 

-1.49 

36 

41 

45.88 

121 

53 

57.40 

42774.88 

-0.54 

16300.65 

-1.29 

36 

41 

38.91 

121 

53 

55.19 

42774.14 

-0.55 

16301.00 

-1.39 

36 

41 

27.58 

121 

53 

59.90 

42773.15 

-0.55 

16301.17 

-1.50 

36 

41 

11.61 

121 

54 

11.26 

42771.85 

-0.51 

16300.71 

-1.16 

36 

40 

55.51 

121 

54 

22.47 

42770.50 

-0.44 

16300.86 

-1.40 

36 

40 

39.85 

121 

54 

33.85 

<►2769.34 

-0.52 

16300.68 

-1.34 

36 

40 

23.59 

121 

54 

44.24 

42767.98 

-0.47 

16300.59 

-1.32 

36 

39 

49.94 

121 

54 

52.54 

42765.09 

-0.69 

16300.98 

-1.30 

36 

39 

32.31 

121 

54 

46.84 

42763.11 

-0.62 

16301.82 

-1.52 

36 

39 

27.50 

121 

54 

44.87 

42762.58 

-0.63 

16302.00 

-1.50 

36 

39 

28.71 

121 

54 

56.75 

42763.09 

-0.67 

16301.07 

-1.08 

36 

40 

59.62 

121 

54 

39.24 

42771.52 

-0.58 

16299.93 

-1.25 

36 

41 

17.39 

121 

54 

43  .51 

42773 .43 

-0.59 

16299.36 

-1.27 

36 

45 

40.86 

121 

52 

44.31 

42796.14 

-0.36 

16298.30 

-1.24 

36 

41 

34.79 

121 

54 

48.67 

42775.27 

-0.  55 

16298. 74 

-1.24 

36 

41 

52,20 

121 

54 

53.50 

42777.16 

-0.57 

16298.24 

*1.33 

36 

42 

9.66 

121 

54 

58.31 

42779.02 

-0.57 

16297.52 

-1.20 

NEARSHORE  OBSERVATIONS 


SHIP  POSITION  OBSERVED  IORAN  RATES  &  CORRECTIONS 


LATITUDE 

LONGITUDE 

9940-Y 

EY 

9940- W 

EW 

(D-M-S) 

(D-M- 

-SJ 

(JJS) 

(>1SI 

<AIS> 

<JJS) 

36 

42 

27.04 

121 

55 

3.22 

42780.93 

-0.61 

16296.95 

-1.22 

36 

42 

53.16 

121 

55 

10.47 

42763.80 

-0.67 

16295.94 

-1.10 

36 

43 

10.66 

121 

55 

16.  16 

42785.54 

-0.50 

16295.40 

-1.18 

36 

43 

28.21 

121 

55 

21.57 

42787.41 

-0.47 

16294.85 

-1.26 

36 

46 

6.99 

121 

54 

14.  C7 

42801.32 

-0.42 

16293.93 

-1.20 

36 

45 

59.82 

121 

53 

51.35 

42799.98 

-0.42 
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